Neurons from bullfrog sympathetic ganglia were voltage-clamped using a single microelectrode in Ringer solution with tetrodotoxin.
The M-current (Adams et al. 1982 a) was markedly reduced during the rhythmic outward potassium current induced by caffeine (1-5 mM). This indicates that an elevation of the intracellular concentration of calcium ions by caffeine not only activates the calcium-activated potassium current but also inactivates another potassium current, the M-current. In Ringer solution, simultaneous activation and inactivation of potassium currents could be observed as a small but significant reduction of the M-current during the calcium-activated of terhyperpolarization which follows the action potential.
Bullfrog sympathetic neurons possess at least two subtypes of potassium currents which are activated by an influx of calcium ions during the action potential. These currents, referred to as Ic and IAHP, contribute to the repolarization and the of terhyperpolarization of the action potential, respectively (Adams et al. 1982 b; Kuba et al. 1983; MacDermott and Weight, 1982; Minota, 1974; Pennef ather et al. 1985; Tanaka et al. 1986; Tokimasa, 1984 Tokimasa, , 1985 Neurons were clamped at -60 mV in a solution containing caffeine (1-5 mM). In the presence of caffeine, the current required to clamp the membrane at -60 mV changed rhythmically.
That is, caffeine induced spontaneous outward currents with durations from a few sec to 1 min at intervals of 10 s to 30 min ( Fig. 1 ) (Koketsu Fig. 1 . Caffeine-induced inactivation of the M-current. Recordings in A and B were obtained from two fast B cells (Dodd and Horn, 1983 ) that were continuously superfused with Ringer solution of the following composition (mM): NaCl, 112; KCl, 2.0; CaC12, 1.8; and Tris, 4 (pH adjusted to 7.2 with HCl). TTX and 5 mM caffeine were present in A and B. A. The recordings are continuous (v, membrane potential; i, clamping current). The cell was depolarized or hyperpolarized (500 ms) from a steady potential of -60 mV. The slow upward shift of the holding current is the caffeine-induced current.
The lower right inset shows a current recording with a faster time base at the time indicated by 1 and 2 (in response to 18 mV depolarizing commands).
The outward tail of the M -current was markedly depressed (arrows).
B. Repolarizing M-currents were recorded after termination of hyperpolarizing commands before (control) and at the peak (test) of the caffeine-induced current.
The repolarizing tail was markedly depressed in the presence of caffeine (arrows). C. The % inhibition of the M-current (ordinate) was plotted as a function of the amplitude of the caffeine-induced current (abscissa in pA) in 19 cells. The holding potential was -60 mV. 1-5 mM caffeine and TTX were present throughout. et al. 1982; Kuba, 1980; Kuba and Nishi, 1976; Smith et al. 1983 indicated that the M-current could be ac tivated by membrane depolarization during the interval between caffeine-induced currents. However, the outward tail of the M-current was markedly depressed when it occurred during a caffeine-induced current (Fig. 1A) due to the activationn of the M-current, was markedly reduced during a caffeineinduced current (Fig. 1) . The linear parts of the current-voltage curves at potentials more negative than -60 mV intersected at -95 mV , as expected for an increase in potassium conductance (Kuba and Nishi, 1976) . It is unlikely that the caffeineinduced potassium current leads to a local increase in extracellular potassium ions, which could depress the M-current indirectly by shifting the equilibrium potential for potassium ions.
In cells clamped at -30 mV and subjected to hyperpolarizing commands, de-activation of the M-currents could be observed during the commands, followed by activation of the current after the termination of the commands (Adams et al. 1982 a) . The outward tail current occurring after repolarization from the command potential to the holding potential of -30 mV was a measure of the M-current. This repolarizing M-current was depressed during a caffeineinduced current (Fig. 1B) . The magnitude of the M-current depression was dependent on the peak amplitude of the caffeineinduced current (Fig. 1C) .
Experiments were performed without caffeine in the superfusate.
An inward calcium current was evoked by subjecting the cells to brief (20-50 ms) depolarizing commands from -60 mV to potentials less negative than -25 mV (Adams, 1981; Akasu and Koketsu, 1981) . The calcium current was followed by the IAHP (Fig. 2A ) (Pennefather et al. 1985; Tanaka et al. 1986; Tokimasa, 1985 a) .
The IAHP was clearly distinct from the M-current at -60 mV, because of its greater duration (Fig.  2) . During the IAHP, the outward current relaxation was reduced, while the leak current was increased (Fig. 2B) . Currentvoltage curves were constructed by measuring the maximum inward or outward currents at the termination of brief (100-250 ms) hyperpolarizing or depolarizing commands before and during the IAHP. 
